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Abstract 
With predicted shortage of fossil energy resources and the increasing concern towards environmental pollution, 
hydrogen is seen as one of the most promising ways to store energy in automotive applications and consumer 
electronics. However, this odorless and colorless gas is highly explosive over 4% in air. Thus, the fast and accurate 
detection of hydrogen prior to the explosive concentration at room temperature is still a great problem. There are 
many methods of hydrogen detection and a comprehensive review can be found in the literature [1]. In this paper, 
thin palladium film is using as sensor material because of its well-known absorption properties relative to hydrogen. 
Phase variations of SAW devices using Rayleigh waves have been monitored versus various H2 flow. Moreover, a 
specific testing setup has been developed to follow hydrogen at atmospheric pressure and to allow regeneration of the 
sensor. 
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
For an increasing number of application (energy production, car industry, space, etc.), hydrogen 
represents a solution of the future as it is the most common body in the Universe (and therefore on Earth). 
This odorless and colorless gas being highly explosive over 4% concentration in air, the availability of a 
fast and accurate detection system close to storing facilities and equipping hydrogen-operated machines is 
mandatory for obvious security reasons. Such a system must exhibit a significant selectivity as it must 
detect the presence of gaseous hydrogen in air with concentrations smaller than the above-mentioned 
critical limit at standard conditions (room temperature and atmospheric pressure) as well as in harsher 
environment (very low or significantly high temperature). Although some commercial solutions have been 
proposed, the current availability of such a detection system meeting modern specifications of hydrogen 
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use and storage is still questionable. The mains aspects to improve for such sensors are their sensitivity, 
their selectivity and their reliability together with sensor size, cost reduction, energetic needs and response 
time. Currently, there are several methods by which the sensing of hydrogen gas at room temperature, and 
at concentrations below the lower explosive limit (LEL) of 4%, may be achieved. These devices primarily 
utilize thin films of palladium (Pd), platinum (Pt) or alloys thereof, as a catalyst for hydrogen reactions 
which changes the electrical characteristics of the films thereby creating a measureable sensing event. The 
majority of devices which utilize these techniques are field effect (FET)[2, 3], resistive[4], optical[5] or 
acoustic wave devices [6]. These sensors described, some were powered using a wired connection, solar 
or vibration based power sources which are not passive or are difficult to fabricate. Some have also a too 
long response time (approximately 15 minutes), which may be hazardous in situations where H2 gas leaks 
above the LEL are not detected in time to avoid an accident. 
We here report on preliminary results obtained by using SAW devices. In accordance with D’Amico 
[8], we used a palladium (Pd) layer as sensitive material in our experiments. Palladium film easily absorbs 
hydrogen molecules and is a well known material for hydrogen detection. Hydrogen absorption and 
desorption cause changes in density, elastic properties and conductivity of the Pd film. The process is 
completely reversible [9]. An analysis of the sensor operation is proposed to conclude the paper. 
Particularly, the adsorption/absorption of hydrogen in Pd will briefly be exposed and the way the response 
of the sensor is impacted will be discussed. 
2. Experiments 
In this paper, surface acoustic wave (SAW) sensors are proposed for detecting gaseous hydrogen in 
standard environmental conditions (atmospheric pressure and room temperature). These SAW devices 
consist in delay lines built on AT cut of quartz (Fig. 1a&b). A 300 nm palladium layer is deposited in 
between two interdigited transducers (IDTs) providing a sensitive track of 3mm. The Rayleigh wave is 
generated and detected using IDTs composed of 50 pairs of electrodes (4-finger-per-wavelength) made of 
200 nm thick evaporated aluminum, this metal being known to be inert versus gaseous hydrogen. The 
grating period is 10 ȝm, i.e. a wavelength close to 40 ȝm yielding a frequency operation in the vicinity of 
78 MHz as the wave velocity approaches 3100 m.s-1. In order to make a differential acquisition, one bare 
device is used as a reference and the other one is functionalized with palladium by means of thermal 
evaporation on a single run and shaped by a lift-off technique. This setup allows an increasing of the 
sensor resolution. The reference delay-line undergoes the same operating conditions as the test body in 
order to subtract noise disturbance. The performance of this setup has been already evaluated in gaseous 
media for the detection of pathogens or toxic gas molecules such as carbon monoxide at lower 
concentration than 0.5 ppm [10].  
 
 
(a)        (b) 
 
Fig. 1.  a) Dual Rayleigh wave delay line b) Schema of a SAW delay line using Rayleigh surface acoustic wave at 78MHz. 
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The delay lines are monitored in parallel using a synchronous detection approach (monitoring the 
phase changes along time in a phase-locked-loop strategy). These sensors have been tested in a specific 
gas cell developed to experiment with various sensor configurations submitted to hydrogen-composed 
atmospheres. A particular care has been dedicated to promote the gas absorbing layer regeneration. The 
developed device allows for identifying different concentrations of hydrogen diluted in N2 and is also able 
to detect H2 in current atmosphere. 
3. Measurement
Using a network analyzer, the transfer function of the device can be easily determined and the phase 
shift induced by gas absorption has been monitored that way. However, the use of a dedicated electronics 
has been experienced and delivers similar information [11]. This system actually detects the optimal 
operation conditions (zero phase at maximum bandpass amplitude) and then tracks the phase shift in a 
phase-locked-loop protocol to keep the excitation frequency meeting the above condition. The sensitivity 
of the set-up allows for some tenths milli-degrees resolution. The response of the bare device and the 
functionalized one are respectively measured. This configuration has been used so as to make a 
systematic characterization of each new device used to make the detection. Fig.2a&b respectively 
illustrates the way the phase shift measurement is achieved and the response of the bare device used as a 
reference and the functionalized one, coated with Pd layer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) Phase shift measurement principle using a dedicated instrumentation. (b) Phase shifts induced by H2 concentration 
for the Rayleigh wave delay line (below) compared to a reference delay line (above) without Pd sensing layer.  
4. Experiments and results 
Rayleigh-wave-based sensors reveal extreme sensitivity to modifications of the conditions of 
propagation of the wave at the surface of substrate. These modifications at the device's surface leads to a 
shift of the synchronism frequency. Since the phase variation is linear with the frequency, the shift of the 
transfer function due to hydrogen absorption can be detected by a phase shift at constant frequency. 
Absorption of hydrogen into Pd layer induce modifications of the propagating conditions of the surface 
acoustic wave that lead to the modification of the physical characteristics of this wave (especially its 
phase velocity). Experimental measurements, shown in figure 3, prove the possibility of hydrogen 
detection using this setup. Phase variations of the acoustic wave have been observed under hydrogen flow 
from 4% to 1% vol. of gas in N2. Phase shifts velocity at the beginning of the increasing of phase has 
been monitored so as to characterize the effect of H2 onto the surface. This measurement permits the 
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detection with response time of a few seconds. However, it also raises some questions with regard to the 
state of the art. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Phase variation of the sensor device under H2 flow in the range 4% to 1%vol in N2. 
 
Phase shifts induced by hydrogen absorption would correspond to an increase in propagation velocity.  It 
has been shown [12] that the two main parameters that influence the phase velocity change of elastic 
waves are mass- and elasticloading. Changes in electrodes conductivity is not consider since only devices 
using quartz substrates have been used here.  After hydrogenation, the density and the elastic constants of 
Pd are changed and can explain increasing of propagation velocity [9]. Changes in the elastic constants of 
the film under hydrogen exposure mean that the elastic-loading effect together with the mass-loading one 
have to be taken into account.  In case of hydrogen adsorption on Pd, the mass density is decreased and 
the elastic constants are increased [13-14]. The experiments have been repeated several times to validate 
the results under atmospheric pressure. Linear correlation between sensor response slopes and the applied 
H2 concentration has been observed and a good repeatability and reversibility. Concerning the analysis of 
the hydrogen absorption on the sensor, some work still has to be carried out even if strong convictions 
arise from the experiment. The main change is related to the elastic properties of the Pd film due to 
hydrogen absorption. The crystalline structure of the film has also an effective influence on the way that 
hydrogen interacted with the metallic film; it still has to be determined in order to improve the knowledge 
of phenomenon occurring on the surface of device. 
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